THE 


A merican Journal of Physiology. 


VOL. II. MARCH 1, 1899. NO 


INFARCTION IN THE HEART 


closu 
sudden d 


portion of the 

dilatation, aneurist 

closure Is 

heart wall 

long diseased and probably long o 
should have followed is n 

are so narrow as to be oby 

areas with the full 

Many questions are 


Whence comes the blood t 


] W. BAUMGARTEN. 
I. Remarl n t f 
1) ft f ‘ 
hie i t 
! t 
VI f 
su } 
INFAR N IN THE HEART 
ith, laf this peril be escaped, neces tt 
n th path t | t] 
pp 1 DY ba 
luded. The n 
bable of feeding their 1 liar 
1} irt ( mana 
( extraordinary piel mena. 
the part in fife after its norm 


244 W. Baumgarten. 


arterial supply has failed? Do the coronary arteries anastomose ? 
Is each portion of the heart wall traversed by branches from several 
arteries, or does each artery feed a district exclusively its own? Of 
what assistance are the coronary veins and the vessels of Thebe- 
sius? How long does the ischamic part remain contractile? These 
and many similar problems confront us. 

One of these problems has been much studied. Attention has 
long been paid to the possibility of anastomosis of the coronary 
arteries. The description of these vessels accepted for many years 


declared that the right and left coronary arteries anastomose frecly 


and that this anastomosis is particularly rich at two points, th 
junction of the posterior interventricular with the auriculo-ventricular 
grooves, and the junction of the anterior and posterior ventricular 
grooves at the apex of the heart. This view is said to have been 
first expressed by Ruysch.! It was upheld by the anatomists of the 
early part of the eighteenth century. In the middle of that century 
the accuracy of the description began to be questioned. The true 


condition was stated by Senac. The main coronary arteries anasto- 


the communication is so slight that the closure of an artery puts 
a stop to the circulation in the part which it supplied. A collateral 
supply through communicating branches is not established. Great 
names support this description. Thus Henle? writes that Hyrtl's* 
statement that no anastomosis takes place between the larger branches 
of the right and left arteria coronaria is easily confirmed by injecting 
the two arteries with injection masses of different colors (p. 87). 
Moreover, observations have been made on the living animal. 
Cohnheim and v. Schulthess-Rechberg* severed the coronary artery 
in dogs and observed that little or no blood escaped from the dis 

end of the severed trunk. Infarctions have been produced experi- 
mentally by Kolster® and by Porter.6 They are the invariable 
consequence of the ligation of coronary arteries in the dog. Not- 


withstanding these and other concordant observations, occasional 


1 Ruyscu : quoted by DRAGNEFF: Bibliographie anatomique,1896, iv, p. 114. 

? HENLE: Handbuch der Anatomie des Menschen, Gefisslehre, 1868, pp. 85-87. 

8 HyrrL: Lehrbuch der Anatomie des Menschen, 1889, pp. 1025-1027. 

' COHNHEIM and v. SCHULTHESS-RECHBERG: Archiv f. pathol. Anatomie, 
1881, Ixxxv, p. 510. Also PORTER: This journal, 1898, i, p. 155. 

5 KoL_sTeER: Skandinavisches Archiv fiir Physiologie, 1893, iv, p. 1. 


S PoRTER: Archiv f. d. ges. Physiol., 1893, lv. p. 366. 
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avery long time when fed at a pressure of an inch or two of blood 
through the veins of Thebesius or the coronary veins. Evidently 
this method of nutrition may be of the first importance to the life of 
parts, the arteries of which are not too rapidly closed. Further, it 
has been demonstrated that in some situations purely capillary anas- 
tomosis may suffice for an adequate coliateral circulation, and under 
certain conditions, as when the circulation is vigorous and the occlu- 
sion brought about slowly, this possibly may be true of the heart. 
Finally, it should be remarked also that we are yet in ignorance of 
the réle which may be taken by lymphatics in the rescue of areas 
the arterics of which are very slowly occluded. 

It is evident from these reflections that neither the passage of fine 
injections from one coronary artery to another, nor the occasional 


presence of arterial anastomosis, nor the rare survival of 
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Il. THE ANATOMICAL DISTRIBUTION OF THE CORONARY 
ARTERIES, 


Henle’s! description of the course of the coronary arteries in the 
human heart is as follows: ‘The two coronary arteries, of about 
equal diameter, arise from the aorta in the right and left sinuses of Val- 
salva, and proceed downward and outward for a few millimetres on 
the surface of the heart, between the auricular appendix and the conus 
arteriosus; each supplics a small branch to the conus arteriosus an 
the auricular septum. The right coronary artery turns to the rig] 
at the auriculo-ventricular groove, and passes between the right 
auricle and ventricle to the posterior surface of the heart, where its 
terminal transverse branch usually continues across the posterior 
interventricular furrow, and is distributed to the right half of the 
posterior wall of the Icft ventricle. A series of small branches is 
given off to the right auricle, and large branches are sent downward 
over the surface of the right ventricle; one of these descends at the 
right border of the heart, and another in the posterior interventricular 
groove to the apex. The left coronary artery divides at the auriculo- 
ventricular groove into two branches, one descending in or near the 
anterior interventricular groove, while the other turns to the left to 
continue between the left auricle and ventricle to the posterior surface 
of the left ventricle. The descending ramus distributes branches 
toward the left to the anterior wall of the left ventricle and several 
branches inward to the interventricular septum. The transverse 
branch supplies the left auricle and the left border of the left ventricle, 
its size and distribution varying with the size and distribution of the 
transverse branch of the right coronary artery. The larger of 
usually supplies a branch to the upper posterior half of the inter- 
ventricular septum.” 

In order to determine accurately the differences in detail between 
the distribution of the coronary arteries in man and in the cat and 
dog, injections of the coronary arteries were made with a mass con- 
sisting of equal parts of starch and bismuth subnitrate, rubbed up 
with water to the consistency of thin cream. The heart was then 
examined under the Rontgen rays with the fluorescope and finally 
radiographed by laying it, whole or appropriately divided, on dry 
plates specially prepared and exposing it a sufficient time to the 
Rontgen rays. In successful injections this procedure gave the dis- 


1 HENLE: Gefasslehre, 1868, p. 85. 
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— sometimes reaching the right auricle. In the posterior interven- 
tricular groove, the descending stem gives off a number of branches 
to the upper and posterior margins of the septum. 

The right coronary artery passes almost horizontally through a 
mass of fat into the auriculo-ventricular groove, and winds backward 
around the right border of the heart to or near the posterior inter- 
ventricular groove. Here the artery, now very small, often turns 
abruptly and passes downward and forward for a short distance in 
the wall of the right ventricle. At the right border of the heart 
it gives off a large vessel which supplies the upper three fourths or 
more of the right ventricle. Near the aorta a short branch passes 
to the conus arteriosus. The auricles reccive branches similar to 
the auricular vessels derived from the ramus circumflexus of the 
left coronary artery; the posterior one of these passes to the right 
side of the inferior vena cava and sends a branch toward the lett 
auricle, between the two cave. The right coronary artery also 
supplies the upper part (basal portion) of the septum, the size and 
number of the vessels depending on the relative size of the ramus 
circumflexus sinister. No artery was found in the interauricular 
septum. 

The coronary arteries in the dog’s heart.— The distribution of the 
coronary arteries in the dog and cat differ (1) in that in the dog 
the artery of the septum usually arises independently from the left 
coronary artery, close to the origin of the ramus descendens and 
ramus circumflexus. The arteria septi passes closer to the anterior 
margin of the septum than in the cat, and supplies less of the upper 
posterior portion, which is left mainly to branches of the circumflexus. 
(2) The descendens gives off just below the middle of its course an 
important branch, which passes obliquely to the left and supplies 
the lower third of the left ventricle. (3) The terminal portion of 
the descendens usually supplics more of the apex than in the cat. 
(4) The branches passing from the descendens to the right are 
larger; they encroach somewhat upon the surface of the right ven- 
tricle. The deep branches are few and small. 

The anastomosis of the coronary arteries studied with the Roéntgen 
rays. — [he question of anastomosis receives considerable light from 
the method of examination with the R6éntgen rays, which obviates the 
disturbance and destruction of small vessels which must occur in 
dissections or corrosions. Eight cat and eight dog hearts were in- 
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Method of operating. — All the operations were performed with 
strict asepsis. In operating on cats, the animal was anesthetized 
with ether, tracheotomized, and an incision extendi 
second to the sixth rib of the left side made through tli 
the pectoral muscles, close to the margin of the sternum 
vent blecding from the intercostal arteries sterilized | 
passed around t third, fourth, and fifth costal cartila 
sternum and agai ar the outer margin of the wound, 
being left long, so tl hey mig] e used later to draw th 
ends of the cartilag rethe Phe three cartilac 
divided an incl » le ie sternuni. With 


run. The pari 


left mat 


visceral pericardium was then torn slightly with forceps near the 


cours« ' the artery ligated, the artery are with a blunt 


seeker a ligature passed around it with a small curved threaded 
hook ig fics to the No 


close the incision in the pericardium. The ends of the divi 


cartilages were brought eether by means of the long en 
ligatures which had been passed around them. The 
was sewed up and dressed with a layer of corrosive sublimate gauze 
and a thick pad of cotton. After the animal had begun independ 
respiration, the tracheal cannula was removed and the wound in the 
neck closed. Finally, the chest and neck were thoroughly bandaged. 
The procedure in the case of dogs was not essentially different. 
Dogs received from one to three centigrams of morphine sulphate 


half an hour before etherization. The dose was repeated from two 
to four hours afterward to prevent restlessness. The operation out- 
lined above was modified in that the second rib was also divided, and 
incisions two to ‘ce inches in length were made in the first and 
fifth left interc spaces so that the wall of the thorax could be 
drawn aside and the opening into the chest enlarged. 

In several dogs the arteria septi was ligated.! As the difficulty of 
this operation has been commented on by Professor Kronecker ®* it 
may be stated that special precautions are needed to secure its suc- 
cess. There should be four assistants, one to blow air into the lungs 
throuch a two-necked Wolff's bottle containing ether, a second to 

' These operations were done by Dr. Porter. 


KRONECKER: Zeitschrift fur Biologie, 1896, xxxiv, p. 554- 
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in very small quantities to prevent restlessness during the first day. 
The care of the animal should be that received by a serious case in a 
hospital ward. 

Infarcts in the cat's heart. — The extent of the infarct following 
ligation of the ramus descendens in eight cats was almost the same 
in each case. Variations were far slighter than in the infarcts follow- 
ing ligation of either of the other arteries. The infarct of the de- 
scendens includes the whole of the anterior wall of the left ventricle 
from the anterior interventricular furrow to the left border of the 
heart, except a small triangle in the upper left corner of the surface, 
It also includes the anterior portion of the apex of the heart, the 
anterior two thirds of the septum, and the anterior papillary muscle. 


| 


The descendens area thus forms a quadrilateral, one angle of which 
is at the point of ligation. The infarct does not extend above the 
auriculo-ventricular groove, nor does it involve the whole apex of 
the ventricle, nor the posterior third and upper border of the septum. 
On section, the infarct is seen to include the whole thickness of the 
anterior wall of the left ventricle and the left papillary muscle. But 
in the septum only the left half, the side turned towards the left 
ventricle, is infarcted. 

The infarct following the ligation of the circumflex artery involves 
a much wider area. It extends over the posterior wall of the left 
ventricle and auricle, from the apex of the heart to 
entrance of the pulmonary veins into the left auricle. 
end of the posterior interventricular groove a small triangular space 
on the left ventricle remains untouched. The posterior papillary 
muscle, the posterior third of the septum, and a variable extent of 
the surface of the right ventricle are also infarcted. In the left auri 
cle, the posterior wall up to the superior border, and the posterior 
border of the appendix are infarcted. The pulmonary veins show no 
evidence of infarction. On section, it is observed that the posterior 
wall of the left ventricle and auricle, and the posterior papillary 
muscle, are infarcted through their entire thickness, whereas in the 
septum the posterior third is usually involved only on the side facing 
the left ventricle, and in the case of the right ventricle only the 
pericardial surface is attacked. 


The infarct produced by ligation of the right coronary artery 


occupies the territory between the descendens and the circumflex 


area, namely, the whole thickness of the greater part of the wall 
of the right ventricle, the whole thickness of the posterior wall of 
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interventricular furrow. The apex of this part of the infarct lay 
near the ligature. Thirty millimetres below the ligature (apical 
direction) its breadth was nearly 30 mm. The infarct was plainly 
visible on the inner surface of the ventricle. It comprised the whole 
thickness of the ventricular wall. 

One case in my series of infarcts in the dog’ art deserves par- 
ticular attention. In this case the right coronary artery was ligated, 


and the animal was killed thirty-six hours later. As the infarct did 


not seem to be well marked on the pericardial surface, the circum- 


flex artery was injected in order to determine the existence of an 
anastomosis. This injection succeeded without difficulty in filling 


| the ramifications of the right coronary artery, and 


the trunk and al 
demonstrated a large, well-defined anastomosis 0.7 mm. in diameter 
in the posterior auricular wall. The infaret proved to be complete, 
the macroscopical appearance being corroborated by microscopical 
examination. No better illustration could be desired of the extent 
to which the arterial tonus controls the peripheral resistance and 
thus determines within wide limits whether a communicating branch 
shall during life be wide or narrow an open or a closed gate for 
collateral circulation. 

Variations in the areas of infarction. — Variations in the boundaries 
of infarcts are particularly marked in the infarets of the circumflex 
and right coronary arteries. The descendens shows a very constant 
distribution, which in the cat varies only at the posterior border of 
the septum. The greatest variation in the area of any artery takes 
place in the distribution of the circumflex. The left margin, that 
adjoining the descendens, is uniform; its septal margin, however, 
may involve the whole posterior border of the interventricular 
septum and a portion of the right ventricular wall, or may be sharply 
limited by the posterior interventricular groove. 

The margins of cardiac infarcts are not clear-cut and sharply de- 
fined, but quite irregular. They contain patches of apparently 
normal tissue, and are bordered by small infarcts scattered through 
the adjacent normal heart wall. This will be further discussed in the 
report of the histological details. 

Comparison of the results of the physiological with those of the anatomi- 
cal method. — It will be seen that the physiological distribution of the 
coronary arteries, obtained by the method of infarcts, corresponds in 
the main with the distribution outlined by anatomical methods. The 
physiological method is certain— the anatomical at best conjectural. 


Infarction in thi 


heir cor 
blood en: us t letermine how 
heart remains tile. A coronary 
the animal k« 


portion tl 


branch of the coronary artery. 


a reservoir under 
method described 
distribution of the 
and sharply marked 


1 KOLSTER Skandinavisches Archi 
2 PoRTER: Journal of experimental medi 
898, 1, p t j remarked that dilut 
venience not a ne ty. lilt blood wil 
17 


/ 257 
Th phy iological method defin iccurat t t 
jacent arteries, and the part whi play trit { t 
portion of heart wall to which bot re dist t lt trat 
that two arte! ne ul V part of th n { 
dependent | ich () riappin Ot t | t 
larly betw nthe cu and the 1 ht rol ! t 
posterior wall of the heart, and bet n both thes t 
arterla septi in the posterior third of t ptum 
Lh O ipping of th dist! tion of n tel I 
branch must b carefully distine@uish { that { 
branches. In the ca f smaller branch is ] 
Kolster,’ t areca of infarction not hom n is, but { 
small foci of necrosi arated by ma of normal \ 
method of distribution identical with th I tthe: { t 
larger infarcts, while the body of t infarct contan t 
necrotic mat il and no int pel normal t 
IV. THE CONTRACTILITY OF THE AN/EM LREA 
Many observers have noted that the beat of the heart « { 
for a brief time after the closure of large branch { t ry 
arte! , but no one has studied as vet t t tilit t 
Mrst stag of infarction The d very t t port 1 t man 
actions vil it 
an ischam n t 
irtery must first b ted, 
la 1) in 
cut out and fed with defibrinated b thi hoa 
urterv m a dog was ligated in the manner already descr \tt ter- 
val of six hours the d vas bled from the carotid artet t 
fibrinated, diluted wit per cent sodium « ution 
ire, ina warm bath heated to 37° C., a to t 
y Porter. Phe heart was then extirpated | 1 of 
cendens was found to be pale gray rown, tt 
off from the contiguous normal tissue. A cannula wv 
1SQ7. ii, p rnal, 
n wit sa olutior i con 
l serve. 


258 W. Baumgarten. 


tied into the descendens below the ligature, and the anemic area excised, 
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gins, which are more favorably placed than the central parts for 
receiving blood in the manner suggested. When a coronary artery 
is closed suddenly, these auxiliary sources never succeed in prevent- 
ing coagulation necrosis, but it must be conceded that their value 
may be great in the many instances in which closure extends over 


months and years. 


V. GROSS AND MICROSCOPICAL CHANGES IN THE INFARCTS. 


Kolster ' has described the changes which take place when a small 
branch of a coronary artery of the heart is ligated. As a greater area 
and other relations are involved in the infarcts produced in the 
present investigation, it has been deemed necessary to study again 
the gross and microscopical changes in the area of infarction. 

Histological method. — The cats operated upon were killed at periods 
of thirty hours, three, four, five, six, and fourteen days, two months, 
and seven months after the ligation; in dog hearts the intervals were 
twenty-two, thirty, and thirty-six hours, and ten, fifteen, and ninety 
days. <A view of the progressive changes in the infarcts was thus 
obtained. The infarcted cat hearts were hardened 7x foto in Zenker's 
fluid forty-eight hours, washed for the same period in running water, 
and then rehardened in rising grades of alcohol, during which process 
they were passed through a seventy per cent solution of iodine. 
They were then imbedded in celloidin and each block was hardened 
first by moderate evaporation and then in cighty per cent alcohol. 
The blocks were mounted whole, and transverse sections varying from 
eighteen to thirty micromillimetres in thickness were cut from the 
apex toward the base. The sections were preserved in series, those 
of each millimetre being kept separately. Of these, one from each 
millimetre was stained and mounted, so that a series with intervals of 
one millimetre was obtained from cach heart. Alum-hamatoxylin 
and a one per cent aqueous solution of eosin were used as stains. 
Selected portions of infarcts in the dog’s heart were treated in the 
same way, but no serial sections were made. 

To determine the presence of fatty changes small pieces of infarct 
were hardened in Flemming’s solution. 

Gross changes. — Macroscopically the infarcted area becomes white 
or whitish yellow in color, opaque, and flaccid. On section it presents 


a smooth, bright surface. In three cases, one in the cat’s heart and 


i KoLsTER: Skandinavisches Archiv fur Physiologie, 1893, iv, p. I. 
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two in the doe’s heart, the infarct was hamorr] c. | 


the portion of the heart wall invo : \ t 

extent; the dilatation in¢ LS » tot { \ In all 1 
cas th \ } t ! \ 

branches remained intact; after the t 


noted in any ca Infarcts two r more old b 
began to contract, and showed all the char of n 
cennective tissue. In two cases polypou rowths were | { t 


pericardium over the infarcted areca. In th ldest ca t] 


7 7 
ven months) the infarct had been tly 
been converted into a thin, white, semi-transparent, t 1 
brane, into which the muscular wall inserte 


sufficiently dilated to form an aneurism. No clot ble tibs 


sheets were found on the endocardium. 


Histological changes in recent infarcts. The 1 
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normal here and th 
Coagulation necros found fully d peat 
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many muscle cells, usually veralin each cell attected. Ih t 
of pieces of infarct hardened in Flemmin lution, small black gran 
es are found in some of the muscle cells. They are not pr nt in 
many cells, but are very characteristic where they occur. The « 
cardial connective tissue, and the muscle cells bordering immediat 
upon it, are in son 
endocardium in these is normal; in other instances, however, 
covered with a thin membrane of fibrin, which encloses a few red 
corpuscles. At the margins of the infarct, and only there, gt 

of normal muscle fibres are scattered throuch the necrotic tissue 
and sometimes acquire macroscopical size. These interruptions of 


necrotic area by normal tissue are identical with the infarct 
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Kolster produced by the ligation of a branch of the ramus descen- 
dens 

The condition of the principal blood vessels and the capillaries in 
the infarcted area varies greatly. Throughout the larger part the 
capillaries and small vessels contain no blood corpuscles and are 
difficult to distinguish. At the margins of the infarct they are usually 


distended with blood, and small extravasations of red blood corpus- 


cles are sometimes present in the surrounding tissue. Phe vessels 
the endocardiu frequently s] he obli hich h 
near the enaocardium ftrequentiy share in the obDiiteration which has 
overtaken those in the greater part of the infarct. In some cases, 
however, some of these vessels are distended, and in one or two cases 


small hamorrhages were observed in the centre of the infarct near 


the endocardium. The veins on the pericardial surface are always 
filled with blood. 

In very recent cases the connective tissue in the centre of the 
infarct does not seem to be involved in the necrosis. Its nuclei 
retain their power of staining and are neither fragmented nor irregu- 
lar. In older infarcts three to five days) these have undergone 


rat 


Changes in the infarct with progressing age. —Infarcts t 


ld are little changed from the condition on the first day. Hyalin« 


oO 
degeneration is more frequent, and cross striation less pronounced in 
the muscle fibres which retain their form than in more recent infarcts, 
and the connective tissue has in many cases become involved in th 
necrosis. The periphery of the infarct has become infiltrated with 
leucocytes, and the connective tissue cells bot 
and just outside the infarct have begun to proliferate and extend 
y into it. The further changes up to about the sixth day con- 
sist in the steady penetration of leucocytes and newly formed connec 

tive tissue cells into the infarct, with absorption of portions of necrotic 
tissue. By the fourteenth day bands of connective tissue cells tra- 
verse the whole infarct, carrying capillaries with them. The mass of 
necrotic muscular tissue has almost entirely disappeared; connective 
tissue fibres have begun to be formed. Extravasated red blood 
corpuscles retain their outline even up to this time, and seem to be 
absorbed less easily than the necrotic muscular tissue. The new- 
formed connective tissue is not confined to the limits of the infarct, 
but sends large strands into the normal muscular tissue, displacing 


some of it, and enclosing and isolating other portions. 


1 


It must be noted here that in almost all cases the larger vessels, 


ree days 
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both arteries and veins, are still intact, that is, their cells « 
alterations in the protoplasm or in the staining power of t ) 

The next stage examined was an infarct of two months, which w 
produced by the ligation of the ramus descendes It did not 
the results which might have been expected to follow tl 
noted in the earlier stages. Macroscopically, a thin, soft 
band of scar tissue was found parallel to t] interion tervent tla 
groove and a little to the left of it Microscoy y 1 ! t f 
a thin wall of muscular tissue, apparently normal, traver 1 ft 
to side by bands of connective tissue, which, however, 
formed the entire heart wall. Inthe septum the anterior t 
replaced by a wedge-shaped ma comp 1 of a firm, « 
white areolar tissue, affording conclusive evidence that th { 
was successful. Whether the small extent of the anterior wall of 
left ventricle which had become fibrous was due to anastom 
that part or to1 eration of rem | 
however, no e\ ice for 4 neration 

The histol cal chat infarcts of ft ( t nt 
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a few hours, the heart in thirteen ga no cleat idence of alteration 
in rate, in five showed a diminution in both force and fi ney, and 
in three cases fibrillated; on of th I red | \ ! f 
nine dogs, the heart showed diminution in frequeney of beat in 1 
cases, but no change in force; there was no « f fibrillat 


Accurate, extended observations of chan 1 for and { 


VI. CHANGES IN E ACTION FO! | 
The changes in tl force and frequen of t ] rt-beat i 
diately following the ligation of a cor iry artery wet 1 by 
Porter in 1894 In the present investigation, fa t\"- 
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would have interfered with the main purpose of the investigation by 
making it more difficult to keep the animal alive. 

ater period after the operation the pulse became more fre- 
quent and weaker; the rhythm sometimes remained regular, but in 
many cases was irregular and often intermittent. This condition 
usually persisted for thirty-six to fifty-four hours, and then gave place 
to a pulse normal in rate and rhythm. 

Auscultation of the heart sounds was performed only in dogs, as 
the heart of the cat beats too rapidly to make this profitable. The 
sounds remained clear and distinct, and no murmurs could be 
detected. The pitch was unchanged, and no undue valvular quality 
could be made out in the first sound. 

Death from sudden cardiac failure in cases which survived more 
than twenty-four hours occurred twice, cach time after violent exertion. 
The first case was in a cat whose circumflex artery had been ligated 
five days before, and happened in a quarrel with another cat; the 
other case occurred in a dog in which the descendens had been tied 
fifteen days before ; his death followed soon after he had been fed 


and had been jumping about to be petted. 


SUMMARY. 


1. The coronary arteries are “terminal ;”’ their anastomoses rarely 
permit the formation of a collateral circulation. 

2. The physiological distribution of the coronary arteries obtained 
by the method of infarcts, corresponds in the main with the distribu- 
tion outlined by anatomical methods. 

3. The part of the heart wall rendered anzemic by the interruption 
of its arterial blood-supply may remain contractile at least cleven 
hours after the ligation of the artery. 

4. The central part of the anaemic area undergoes coagulation 
necrosis more rapidly than the peripheral parts. Probably the out- 
lying portions receive blood through the vessels of Thebesius and the 
coronary veins. 


5. In animals which survived the ligation of a large coronary 
trunk thirty-six to fifty-four hours the pulse seemed normal in rate 


and rhythm and the heart-sounds were clear and distinct. No mur- 


murs could be detected and no undue valvular quality could be made 
out in the first sound 
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ON THE CAUSES OF THE ORDERLY PROGRESS OF 
THE PERISTALTIC MOVEMENTS IN 
THE G:SOPHAGUS. 


[/rom the Physiological Laboratory of Columbia U rsity, at the Colleze of Physic 


T is now generally assumed that the orderly progress of the per- 
istalsis in the cesophagus is exclusively of central origin. This 
means that the first afferent impulse which is conveyed from the 
periphery to the centre of deglutition and which causes the co-ordi- 
nate contraction of the mylohyoid, pharyngeal, and laryngeal groups 
of muscles, travels further within the centre through several groups 
of ganglia, sends down suc¢ essively along its route efferent impuls« Ss 
to the several divisions of the cesophagus, including the cardia, and 
causes hereby their successive contractions without the aid of new 


afferent stimuli. This view is based upon observations which demon- 


strate that the lower part of the q@sophagus as well as ine cardia 
continues to show the peristaltic contractions even after the ligation 
or division of the cesophagus. The observations upon the cardia 
were made by Kronecker and myself! and stand uncontradicted, 
The observations upon the a@sophagus were made by A. Mosso, 
and are diametrically opposed by the earlier experiments of Wild,? 
done in 1847 under the direction and special participation of 
Ludwig. Wild states in unmistakable terms that strong compression, 
ligation, or division of the cesophagus positively stops the pro- 
gress of the peristalsis, and from his experiments he draws a 
conclusion just the opposite of ours, namely, that the peristalsis is 
caused by reflexes from the periphery, that is, from cach part of the 
cesophagus itself. Mosso, who was stimulated to his researches on the 
peristalsis of the cesophagus by these very statements, reports simply 
his own experiments without offering any explanation of the strange 


contradiction between himself and Wild. So far as I know, this sub- 


1 KRONECKER and MELTZER: Archiv fiir Physiologie, 1883, Suppl. Bd., p. 328. 
2 Mosso, A.: Untersuchungen zur Naturlehre, 1876, xi, p. 327. 
8 WILD: Zeitschrift fiir rationelle Medizin, 1847, p. 76. 
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ject has since Mosso not yet been reinvestigated, and alth 


selves have supported the view of Mosso, as harmon { 
our experiments thems« were restrict to t 
study of this subject, w 1 I ha { 


+) 
themselves, inasmuch the purp in { 
yators were not exactly thie in \\ ‘ 
cervical Mmsopnacu t t 


thoracic part; again, Wild studied the movement 


vation, while Mosso judged whether perista 


motion of a wire attached to an olive-shaped b 

duced in the upper part of the thoracic a yha \] 
used ether for anaesthesia, while Wild injected opium in 

vein. With these points in my mind I started a 1 of 

ments regarding the nature and the cau of t 

a sophagus which have brought noteworthy r ts, ni f hich 
I shall now report briefly, illustrating them by the account of 
experiments. 

I have in the first place repeated the experiments of W 
unimportant deviation that used for anwsthesia morphine instead of 
opium. Here is an illustration 

Under local anzesthesia by coe ne the external cular vel { 
ing nine kilos was exposed and 0.06 gram of mory e injected. | 
duced a fair anesthesia, which lasted throughout t experiment. A 
was inserted in tl traci i. and then the ¢ t 


down the entire \ of t USO] \I 

pressing Ue mylohyoid 1 oO! VnX | 

pharynx with at introduce through 

deglutition Howe by ] ring W 

upon t mvlo reg tl 1 

times, the V follow ot | 
here the peristaltic w W n to sw down t 

the last swa \ \ tight ligature w now it t 
i distance of about six centimet: from t lary I 

to swallow The portion of the qsopha ibove t 

tended immediately ; there w no perist ;s below t 

this swallow. Phe nimal, however, soon started without any 

swallow incessantly, and the upper portion of the a t 
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to large proportions. Apparently there was a great effort. in which even tl 
muscles of the neck seemed to take part, to force the swallowed mass throug 
the ligature. The rapid swallowing and the entire forcing effort could } 


checked for a while by holding down the larynx, and from time to time ther 


\ yontaneous pause for minute or two; but at no time c 
perist moven t be discovered in the portion {t | ow t 
ligature \ OOn, NOW? I S the lig ture Was opel d the n ( we GOW 
diately the whole visibl length of the cesophagus wit 1 distinct peri 

tic wave, without the occurrence of a new swallow When the animal was now 
made to swallow by pouring water into the mo th. peristaltic wave Was agail 
seen to run down tire cesophagus after the last sw \ The ligating of 
t ( Ww d the opening of the ligature were repeated a number of 
time with invar lv the sar res | hardly necessarv to. stat 
expressly that care was taken not to incl de the recurrent nerve in 
ligatur 


This experiment, then, brings out a simple confirmation of the 


statements of Wild with regard to the peristaltic movement in thx 
cervical cesophagus. 


In the following experiment in addition to the direct observation 


of the behavior of the cervical cesophagus, the method of Mosso was 


also mployed to study 


simultaneously the action of the thoracic part 


of the @esophagus. 


A dog of eight kilos was anasthetized in the manner described in tl] 
previous experiment, the cervical cesophagus freely exposed, and a_ strong 
] ] + + +] 
thread put loosely around It it a distance of six centimetres from the larynx. 


Below the thread a longitudinal incision was made in the cesophagus and an 
olive-shaped body of hard rubber introduced through it into the Cit 
portion of the a sopl ius. To this body was ittached 1 long silk thread 


which passed over an elevated projection and was slightly stretched by a ht 


weight, affording thus a means by which the movement of the olive-body could 
le easily obs rved. The introduction of the body Caus d no peristal is of the 
thoracic cesophagus —the thread did not move. A spontaneous deglutition o1 


a deglutition caused by water in the mouth was followed by a peristaltic wave 


in the cesophagus, but only to the longitudinal incision. Here some liquid 
escaped and no peristalsis was seen in the part of t cervical cesophag 

below the incision nor did the thread move. The longitudinal incision was 
now closed by a few stitches, but so as still to permit the free movement of 


the silk thread attached to the olive-body. When now a peristaltic wave 
is it promptly went down to the sternum, and soon 
olive body could also be noticed mov downw ird to the stomach. In t] 


ng 


animal mechanical stimulation by a rod introduced into the mouth often caused 
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The dog was now in a state of light anesthesia. The cesophagus was now 
ligated and the lively swallowing and the swelling up of the upper part of the 
cesophagus appeared as in the previous experiments, but no peristalsis occurred 
below the ligature, nor did the silk thread indicate any motion of the olive- 
body. The experiments with ligation were repeated several times with the 
same results. ‘Then the’ asophagus was cut transversely at the middle of the 
neck: the lower end retracted into the thorax. When now the animal was made 
to swallow by pouring water into the mouth or by any other method, the silk 
thread regularly indicated the descent of the olive-body into the stomach 
about three to four seconds after each swallow, or after the last one, when 


deglutitions followed each other in rapid succession. 


Here then is an experiment which also confirms the statements 
of Mosso. It should be added that in nearly all his experiments, 
Mosso tried to interrupt the progress of the peristalsis mainly by 
division of the @sophagus or by removing a part of it; the ligation 
he tried only in a single instance, but then he applied a method quite 
different from that which Wild and I have employed. I have reason 
to believe that this difference in the method may be of some import- 
ance to our question, but I am not prepared to discuss this point at 
present. 

These few experiments teach us that the statements of Wild as well 
as of Mosso are both correct (and, what is more, even both conclu- 
sions seem to be correct), giving us at the same time the key of the 
apparent contradiction. We have seen that the appearance of the 
peristalsis in the cesophagus is considerably influenced by the di oTee 
of anesthesia to which the animal is subjected. 

] 


At acertain deep degree of anaesthesia no peristalsis follows the 


first act of deglutition. 

hen comes a stage when the peristalsis appears in the cesophagus 
only after such deglutitions as are caused by the presence of water 
in the mouth. If the deglutition be caused by a mechanical stimu- 
lus with very little or with no liquid thrown into the cesophagus, no 
peristalsis takes place. If the water thrown into the cesophagus can 
escape through a longitudinal or transverse cut or finds an obstacle 
in a ligation, the peristalsis following the swallowing of water pro- 
gresses just to the cut or the ligature, and no further. This degree 
of anwsthesia apparently affects the centre of deglutition in such 
a manner as to stop the progress of the primary afferent impulse 


within the centre, or to prevent the transmission of its efferent impulses 


to the wsophagus, The appearance and the progress of the peris- 
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With a moderate degree of anasthesia the centre of lut 


not materially constrain nits funct } 1 t 
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primary afferent imp e which started 1 ( 
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n Nn normal cone ons, ana ( ) 
forces when the centre of degiut nis for son reason col 


crepancy regarding 
of Wild. T have often seen quoted Wild’s assertion that a loneitudi 


nal incision does not prevent the progr of the peristal while in 


a certain point between my sta ents and those 
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states that | aim to ha t] inimal under 

from exercising it iperior function 

I have to add one remart There might seem to « t 1 d 


272 S. J. Meltzer. 
my experiments I have often observed that where a transverse cut 
prevents the progress of the peristalsis there also a longitudinal 
incision will prevent it. Wild, however, has made the longitudinal 


incisions only through the muscular sheaths, taking special care not 
to injure the mucous membrane, while the incisions I am speaking 


of were made through the mucous membrane also, thus purposely 


facilitating the thorough escape of the swallowed masses. 
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fibres. 

MrTHOD. 

The action of the various animal extracts, filtrates, and bact 
cultures upon the heart muscle free of nerve cells was studied by 
cording the contractions of the apical portion of the ventricle of tl 
dog’s heart kept beating by feeding it with blood accordit ti 
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Porter's method! before, during, and after the perfusion of the apex 


with the substance to be tested mixed with defibrinated blood. 
The preparation of the animal. — The dog received 0.03 to 0.06 gram 
morphine sulphate hypodermically fifteen minutes later was 


anesthetized with ether. Blood was drawn from the left carotid 


artery until dyspnaca appeared, when the bleeding was stopped, and 


a quantity of normally warm 0.8 per cent sodium chloride solution 


equal to the blood withdrawn was allowed to flow into the right jugu 


lar vein. After the saline solution had circulated a few minutes the 


animal was bled again until dyspneeic. The thorax was hastily 
opened and the still beating heart rapidly removed and placed ina 
beaker of warmed normal saline solution, in which it usually continued 
to contract for some minutes. The blood from the first bleeding was 
thoroughly defibrinated, filtered twice through glass wool, and divided 


into portions, one of which was mixed with the product of the second 


bleeding, while to the other was added an equal quantity of a sodium 


chloride solution (0.8 per cent) containing the desired proportion of 


the substance to be tested. 


In more than half the experiments, however, the dogs were so larg 


that it was unnecessary to perfuse them in the manner described ; it 
sufficed to bleed them once and to dilute the blood thus gained with 
an equal quantity of saline solution. “A small portion of the undiluted 
blood was reserved for mixture with the extract of the substance to 


be tested, which again was always added in such a way that the pet 
centage of blood should be the same in the * normal perfusion fluid 


and in the perfusion fluid containing the extract. 


A very small glass cannula was now tied into one of the small 


branches of the coronary artery going to the apex, usually t 


1 


dens, and the portion of the ventricle supplied by the branch was 


cut out and placed in a warm chamber. The cannula was joined to 
a perfusion tube, and the lower end of the strip of ventricle connected 
with a writing lever. In some large animals in which the distribu 
tion of the arteries was especially favorable as many as three apical 
preparations could be made from the same heart 


The perfusion apparatus. The apparatus for carrying on perfusion 


of the apex, shown in Fi 


I, consisted of a water bottle, a pressure 
bottle, two blood reservoirs, —one for normal blood and one for 


blood containing the agent to be tested, — and a chamber in which 


PORTER: Journal of experimental medicine, 1897, ii, p. 391. 
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the apex could be maintained at a constant temperature Phe bl 
reservoirs and the chamber for the apex, with the tub conn 
them, were surrounded with water in a galvanized tron tan In t 
ipper right hand corner of | 1 is seen the water bott 

with water from atap, and slung from. the ceilin pas 1 

or lowered at w | In the tubu Vas fh ( i bra t x COT t 
by thicl alled rubber tubin vith 1 Pp b t | 

tube was provided with a vertical limb 15 cm. high, op t 


| 
il 
a |. 
= 
i 
= ' 
| LL! 
| 


air to prevent siphonage. Five centimetres from the top of the ver 


I 
tical limb was a side branch through which the exe of water 
escaped into a sink. The water in the bottle was thus maintained at 
a constant level. The pressure bottle is seen on a stand a little to 
the right of the centre of the figure Phrough the cork passed two 


e already described 


tubes; one conveyed water from the water bot 
the othe r conveyed the compres ed air to the blood reservoir Lhe 
larger blood reservoir contained the normal perfusion fluid, while the 
smaller held the substance to be tested mixed with defibrinated blood 


in the desired proportion. Through the stopper of this small reser 


| 
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| 
| 
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voir ran a glass funnel, which allowed the bottle to be filled without 
the removal of the stopper. he perfusion tubes given off by the 
reservoirs united to form the main perfusion tube. The tube from 
the small reservoir, before it joined with that of the normal reservoir, 
cave off a side branch, the end of which was closed by a small stop- 


cock; this allowed the small bottle to be washed out without inter 


rupting the normal perfusion, so that cach toxic substance couid be 
thoroughly removed before another was added. About five centi 
metres beyond the junction of these perfusion tubes the main tubx 
gave off a branch to a mercury manometer by which the pressure of 
the perfusion fluid was recorded. The main tube then ran directly to 
the chamber for the apex scen at the left of the tank with a pice 
of muscle ready for perfusion —where it was connected with the 
cannula in the branch of the coronary artery. In the stopper of thi 
warm chamber were fixed a thermometer and an adjustable clamp to 


hold the strip of apex in position, The lower end of the apex cham 
ber had a small opening for the escape of the blood w 


through the vessels of the preparation, This opening served also for 


the wire connecting the apex with the recording lever, which was of 


the third class and magnified seven times. When the apparatus 
in use the heart chamber, blood reservoirs, and perfusion tubes were 


submerged in water of a temperature of 37.5> CC. No reference has 


been made to the stopcocks seen in Fig. 1, as their uses can read 


be understood. No stopcocks were used on the perfusion tubes, th 


circulation through them being controlled with long-handled artery 


forceps. The recording lever marked on the smoked surface of 
Baltzar drum revolving very slowly. An electrical time marker wa 
used to indicate eve ry five seconds 


The preparation of the glandular extracts. — The glandular extracts 
were in all cases prepared from perfectly fresh material dissected from 
newly killed sheep at the slaughter house. 

Both glycerine and saline extracts were employed. The former is 
invariably the more powerful 

In preparing the glycerine extract the fresh glands were stripped of 
fat and other extrinsic material, weighed while in a moist state, cut 
into small pieces, placed in a glass vessel, and covered with chemically 
pure glycerine in the proportion of one gram of gland substance to 
one cubic centimetre of glycerine. After allowing the gland to remain 
in this for twenty-four hours the glycerine extract was strained 


through cheesecloth and added to boiled o.8 per cent sodium 


| 
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hloride si tion in he de I n. | 
filtered, and on the addition of an n 
blood was ready tor vert on 1} vert 
of fittv per cent blows nd fiftv per cent n n 
the quantity of t 

ried The 1 proportion ! 
solution 45 « d 50 

Lhe SalINe ¢ ct prepare b ) 1) 
titv of the } ) n mort 
chlorid oO n and a small intit 
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lan 

The preparation of cultures and filtrates t 
used in these experiments were grown on \ { 
to use boutllon cultures had to be abandon ) { 
Wall trac oft the ca mand pota } 
the contractions as to make an ra t of 1 ol 
the bacteria or filtrates 

Phi m for the « ( Va b b] ] 
stel ed l, which was set aside, protect { 
having its mouth c r vith heets of 
the serum had separated Phe serum thet n mn 
several stet ed flasks, which we placed in ar vat 
at a constant temperature (38° C.) for seven d f at { 
that time th m remained stet the ba 
and the cultures a ved to grow in an incubat { t | 
the contents of each f] isa ed into t { 
as it was, the other was passed thr ha Chamb ne ter t 
the bacteria. This was done to « rmit f any ¢ n 
character or streneth of action ¢ ted between a It tail 
the bacteria and its filtrate Both th Iture and 1 
added respectively to the normal saline solution, a 
in the ise of the gland extracts 

Control « Xp riments were done with all the | rine 
tions, and serum employed in the re irch Phe first twe tau 
gave no results; the serum usually increased very slightly the force of 
the contractions 

The perfusion fluid used in these experiments was the anin owl 
defibrinated blood mixed with an equal quantity of sodium chloric 
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solution (0.8 per cent). The apex contracts equally well when per- 
fused with its own undiluted blood, but the addition of the saline solu- 
tion secures certain advantages; it gives a larger quantity of fluid to 
work with, an important matter when the experiment occupies six or 
seven hours; it also allows the experimental substance to be added 
to the perfusion fluid at the expense of the inert saline solution, 
and so does not alter the percentage of defibrinated blood. In con- 
trol experiments it was found that the saline solution had no action 
on the contracting apex of itself, and when mixed with the defibri- 
nated blood in varying proportions its only action was that of a diluent. 
That is to say, pure defibrinated blood gave strong apical contrac- 
tions and the contractions were not affected in any appreciable degree 
when saline solution was added to the extent of fifty per cent; but 
beyond that the contractions of the apex became correspondingly 
weaker as the percentage of saline was increased, and on the perfusion 
of pure saline no response or at best a very weak and_ short-lived 
activity was developed. 

In all experiments the blood was examined under the microscope 
to see if the experimental substance had produced any change in the 
corpuscles. In only one case was any noteworthy change detected ; 
in this instance a culture of elanders had been added to the blood, 
and the corpuscles showed a tendency to stick together and so form 
small clumps. The extracts of glands did not alter the usual charac- 
ters of the corpuscles; in all cases they looked entirely normal. 

In these experiments the apex was kept at a constant temperature, 
namely, that of the body, and the pressure of the perfusion fluid was 
also constant —80 mm. 

With regard to the behavior of the apex preparation under nor- 
mal perfusion (defibrinated blood diluted with an equal part of 
normal saline solution) it was found, in the greater number of cases, 
that the contractions were fairly regular in rate; the force varied 
more than the frequency, but not to such an extent as to impair the 
accuracy of the conclusions drawn in this paper. In one experiment 
only was the apex perfused with an animal extract while the contrac- 
tions were irregular, and this was done merely to show the regulating 
influence of the extract (thyroid) on the rhythm. 

An excess of the substance perfused sometimes caused the apex to 
fibrillate, but by entirely shutting off the perfusion and so asphyxi- 
ating the apex for a short time it was found that when the normal 


perfusion was resumed the apex as a rule returned to its regular con- 
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presence of the extract, the contractions being often more than double 
the height of the normal ones (see Fig. 2) while the rhythm was 
slightly quickened. No alteration in the tonus was noticed unless th 
perfusion was carried on for some time, when a gradual rise took 
place until the apex ran into fibrillary contractions. Provided the 
first dose was of short duration, about two minutes, and not too 
strong, the effect gradually wore off, and, as 1s shown in Fig. 2, the 
heart did not respond to a second dose in so marked a manner or so 
readily as to the first. A strong dose of the extract, about ten pet 
cent (saline extract), would as a rule cause the apex to fibrillate after 


siving four or five enormous contractions. 


Hypophysis cerebri. — Oliver and Schiifer? called attention to the 
action of the extract of the hypophysis when injected into the circula 
tion. They obtained marked results, the blood pressure rising con 


siderably, the heart’s action being slowed, and the contraction 
augmented; a large dose was required to produce these effects, how- 


ever. Mairet and Bosc? failed to obtain any pronounced effects after 


injections of the hypophysis. Hedbom” found in his research a toni 


influence on the heart and a decrease in the frequency of the con- 
tractions. Cyon?* found a slowing action on the heart in consequence 
both of stimulation of the hypophysis 77 sé and of injections of its 
extract. He believes that the active substance, though in the main 
similar to that of the thyroid, differs in that it contains phosphorus. 


Under the heading * Hypophysis cerebri” I have thus far included 


two different structures, namely, the pituitary body proper and 


infundibulum. The necessity of considering these structures s« 


rately has been pointed out by Howell,’ who calls attention to the fact 


that all experiments with the hypophysis, previous to his own, hav 


evidently been done with the infundibular and pituitary bodi 


combined 


In separate experiments with extracts of these two structures Howell 


found a great difference in their action. — Litt] 


ec or no resuit Was 


obtained with the pituitary body, while an injection prepared from the 
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tinued too long for this, but rather to be of a dynamogenic nature. 


That this substance also exercises, in some states, a beneficial influ 


ence on the blood has been shown by Hénocque,’ who found that in 
phthisical patients a permanent increase in the quantity of haemoglobin 
takes place. Pochl*? prepared from the testicles a substance he calls 
“spermine,” in which he finds high oxidizing powers. De Tarchanoft 
found that the administration of ‘spermine rendered the heart 
resistent to the ettects of chloroform. Brown-Seéquard? pointed out 
however that neither this substance nor the Charcot-Naumann cry 

tals are the active principle of orchitic extract. On the isolated 


cat’s heart Hedbom” noted that orchitic extract produces increased 


frequency and force of the cardiac contractions; the effect lasts for 
some time. 


In my own experience the result of perfusing orchitic extract has 


varied according to the dose. A small dose, four per cent, of gly- 
cerine extract, simply caused an increase in the force of the apical 
contraction with no visible change in tonus or rhythm. A larger 


dose, on the other hand, caused a marked fall in tonus, and a few 


t 


moments later a quickening in the rhythm; the contractions wer« 


shtly increased in force. 


also slis 


The changes produced by a small dose made their appearance 


almost immediately and disappeared on resuming the normal perfu 
sion. With a stronger dose, ten per cent, the fall in tonus occurred 
with the beginning of orchitic perfusion and passed off as soon as 
normal blood was perfused, while the increase in frequency and force 
lasted for some time after. 

Liver. — The liver apparently contains nothing soluble in glycerine 
or saline solution that affects the musculature of the heart. In six 
experiments the perfusion of saline solutions up to thirty per cent 
strength produced no change in force or frequency and caused but 


a slight fall in tonus, which passed away as soon as the apex was 
supplied with the normal perfusion fluid. 


Pancreas. — ‘That the pancreas secretes some material necessary to 


1 


the normal functions of the body is of course well known. Notwith 


standing this the perfusion of the apex with blood containing less 
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quency and a fa n tonu vas pl ine 
shortly after 1 ming the normal pert 
In six experiments I fa 1 to tind anythi but a dey . t 
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Kidney. — That the kidney has an internal secretion was pointed 
out by Brown-Séquard,' and the same observer in collaboration with 
d’Arsonval* showed that injections of kidney extract, prepared in a 
similar manner to orchitic extract, is of benefit when the internal 
secretion of the kidney is deficient, either from extirpation or exten- 
sive disease of the organ. Meyer,’ from observations made mainly 
on the respiratory system, confirmed this statement. These ob- 
servers also showed that although the urine may be completely sup- 


pressed for some time, fatal results do not by any means immediately 


ensue, in fact the suppression may exist for weeks; on the other 


hand death rapidly follows the extirpation of both kidneys; finally, 
in these cases of double extirpation animals will live for a mucl 
longer time than otherwise if given injections of kidney extrac 
Bradford’s* experiments also demonstrate the importance of 
kidney in vital processes other than the mere excretion of uri 
In short, it appears from these investigators that the kidney is not 
merely a simple remover of waste products, but that it also produces 
a substance stimulating to anabolic processes and obstructive to 
tissue disintegration. 

ligerstedt and Bergman® more recently have shown that 
tion of kidney extract into the circulation causes a slight fi 
blood pressure followed by a considerable rise. They 
that the kidney extracts much affected the heart isolated by Langen- 


dortt’s method. 


In these experiments, done on the hearts of two animals and 


two apical preparations from each heart, there was found a decided 


alteration in the character of the contraction. Perfusion of solutions 
from two to eight per cent strength caused a drop in tonus and a 
slight slowing of the rate of contraction (Fig. 3). The slowing 


seen in Fig. 3 is more prominent in this tracing than in any other 


obtained, although it was present in all. As may be observed, it was 


soon succecded by much more forcible contractions of about the 


normal frequency. On perfusion with normal blood the apex 


quickly returned to its usual beat. 


1 BROWN-SEQUARD: Archives de physiologie, 1893, xxv. p. 778. 


BROWN-SEQUARD and b’ARSONVAL : Comptes rendus de l'academie des 
sciences, 1992, CXIV, p. 400. 


8 MEYER: Archives de physiologie, 1893, xxv. 760: and 1894, xxvi, p. 


179 
4 BRADFORD: Journal of physiology, 1891, xii, p. xviii. 
5 ‘TIGERSTEDT and BERGMAN: Skandinavisches Archty ftir Physiologie, 1898, 
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effect; there was a marked fall in tonus and the 


considerably less forcible. the rhythm, as 


weaker extracts, appeared to be more regular dur 


than cither before or after (Fig. 5). Continued perfus 

strong: xtracts would eventually paralyze the ap 
Phyro-iodine, prepared according to Baumann’: 

dissolved by : aid of sodium bicarbonate, when mixed 


large amounts with the perfusion fluid produced eftect 


exactly similar to those caused by glycerine or sal 


In order to test the regulating influence of the 


the rhythm, the apex was perfused while the 


extremely irregular, The result was an immediate. sli 


tonus. The beat then became a little more forcible and more regular, 


and, as the thyroid perfusion was stopped and the normal perfusion 


resumed, the ventricular strip beat in excellent rhythm and 


quicker than during the thyroid perfusion. 


ps r cent) dissolved 


solution (0.8 per cent) was also tried, but the results 
ferent from those obtained with either thyro-iodine or 


eland. At first the beats were increased in size, but 


17 


to their normal before the cessation of the perfusion ; 


‘ise in tonus took place; the apex became very irregul: 


tractions, and the irregularity continued a considerable 


suming normal perfusion. 


THk ACTION OF THE CU 


‘al observers have obtained from toxines direct results on the 


heart, but most of these were due to degenerative changes and some 


time necessarily elapsed before the effects became marked. Charrin? 


produced by the injections of toxines such degenerative changes in 
the heart that heart failure took place. This same observer, with 


Bardier,’ in a series of experiments made upon frogs, found that six 


1 BAUMANN and Roos: Zeitschr. f. physiol. Chemie, 1896, xxi, p. 481. For the 
preparation of the thyro-iodine used in these experiments I am indebted to 


kindness of Dr. Alfred W. Balch, of the Pharmacological Laboratory, Harvard 


Medical School. The thyro-iodine was prepared from perfectly fresh glands and 
used at once. 
2 Cu ARRIN om de la socicté de biologie, 1896, p- 867. 


CHARRIN and BARDIER: Archives de physiologie, 1897, xxix. p. 554. 
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latus, digtheria, ramosus, prodigiosus, and inders.? \ f tl 
above bacteria, pathogen and) non-pathe 1 vhen 7 } 
filtered, exercised a depressant action on tl 
almost immediately slowing the rate and kent 1 { ft 
contractions Phe result seemed to vary according to 1 of tl 
bacterium; cultures of large bacteria givit most 
effect, while smaller ones did not produce so great a « | 4 
shows the abrupt diminution in force and_ fre f tl t 
tions produced by the perfusion of a cultur of ant | 
quick recovery of the apex is remarkabk If the pert ft 
carried on too long, however, citl { { 
renic organisms, the apex very often f 
ular contractions 
on of the filtrate on the apex was enti nt in 
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pathogenic filtrates came on slowly, was depressant in its character, 


and passed off slowly when normal perfusion was resumed. It was 
necessary to GIVE the filtrate in large doses to produce these effects, 


and when the perfusion was carried on for some time the apex 


quickly lost its contractile power (Fig. 7). 
Phe conclusion I am forced to draw from the above phenomena is 

that the action of the bacteria on the contracting apex is mainly m¢ 

chanical. Combined with this, in the case of pathogenic bacteria, 


is the depressant influence of their filtrates. The pathogenic filtrates 


are purely depressant; their action possibly was partly hidden by th 
stimulating properties of the serum proteids contained in the solution, 

Very powerful fresh toxines of tetanus and diphtheria were also 
employed. The latter, when perfused in doses of 25 per cent, slowed 
the rate but did not greatly alter the force of beat; the tetanus toxin 
on the other hand was absolutely without effect, even in solutions 


containing 40 per cent.! 


This research was undertaken at the suggestion of Professor W. T. 
Porter, and I am greatly indebted to his kind criticism of the 


obtained. 


1 For these I must thank Professor Theobald Smith, of the Laboratory ot 


( omparative Pathology, Harvard University. 
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By R. H. CHITTENDEN anp ALICE H ALBRO, | ) 
‘He brownish black animal pigments, collect kt na 
melanins, occurring normally and path nt body 
are characterized isacla by a somewhat h h« ntent | rl n, a 
relatively low content of nitrogen, and a variable, t 
high, percentage of sulphur Phe presence of th tte ment in 
very appreciable amounts constitutes one of the reasons for t f 
that th substances ha their origin in me prot { nt 
while the absence of iron, in most cases, es les th that they 
originate from the blood pigment In a recent contribut b 
Schmicdeber to the chemical composition and nature of 1 nin 
empha is laid upon tl 1 ble origin of th bstar 
antialbumid his view eemingly based upon the part resen 
blance in chemical composition between the lattes bstance a t] 
melanin resemblan vhich ndeed somewhat striku \s a 
cleava product of the proteids, antialbumid charactes l bya 
comparatively high content of carbon and a low content of nit en, 
and Schmiedeberg concludes that melanin may result from antialbumid 
by a proce of hydrolytic cleavacs comparabl to the met \ 
which the latter body results from albumin itself Ile further nt 
out that the sulphur of the antialbumid may remain with t melanin, 
thus accounting for the lar umount of this element lly found 
while ammonia and water are split off according to the f WIN 
} 4 
equation : — 
1 mid 
based upon an analy of ant 
Chittenden? from serum-albumin, 
while is based upon the ana of a 
f. exper. Pathol. u. Phat kol 
N: Zeitschriit fur Biolo 
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product (melanoidic acid) prepared by Schmiedeberg ! 


serum-albumin with 25 per cent hydrochloric acid for twel 

Schmicdeberg likewise prepared a melanoidic acid from the fibrinoses 
contained in Witte’s “ pepton” by heating these proteoses with phos 
phoric acid for two months. <Ascribing to the proteoses present in 
Witte'’s * pepton” a formula with 102 atoms of carbon, he formulates 


the production of the melanin as follows: 


IS H,O = » + 18 NH, + 17 H,O 


It is to be observed that these two artificial melanins or melanoidi 
acids differ from each other by nearly 6 per cent of carbon and 3 per 
cent of nitrogen, and that sulphur was determined in only one of the 
products, the amount found being 0.96 per cent. While the 
may be considered as perhaps hardly sufficient to justify such definite 
expressions as the above formule, the general trend of the argument 
is exceedingly interesting and important. Any one who has worked 
much with the proteids is aware how readily these substances yield 
dark colored solutions on boiling with dilute mineral acids; a re 
action not due to oxidation alone since it takes place readily even in 
the presence of reducing agents. It is thus evident that melanin-lik 
substances may be formed from proteids by simple hydrolytic cleay 
age, and consequently the question at once arises how far the nature 
of the mother substance modifies the character of the resultant pi 
ment. Further, is one prote id better adapted for the artificial pro- 
duction of a melanin than another proteid? Tfow closely do the 
artificial melanins resemble in composition and general characters the 
natural pigments of this class? And lastly, how far can reactions of 
this kind be accepted as indicating the mode of formation of the 
natural pigments common to the body in health and disease? Some 
of these questions we have endeavored to answer by the following 


experimental work, 


Formation of Melanin from Antialbumid. — In view of the somewhat 


he 


noticeable parallelism in composition between antialbumid and t 
melanins, attention was first directed to the possible formation of a 
pigment of this class by hydrolysis of antialbumid. For this purpose 
a pure antialbumid of known composition was necessary, and since 


the latter body is prone to slight alteration by too vigorous hydrol- 


1 SCHMIEDEBERG : cit., p. 66. 
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(in a lar Arnold. stet er) for 10 hou | 1 
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after some washing with water, is transferred t flask a { 
with 3.5 percent sulphuric acid for 10 hours, after which it 
filtered off and washed with wate by d ntation and ot 
+) ] ] 
until the washings were nearly or quite f trot tion | 
remove any traces of unaltered proteid | 11 nt 
other impurities, the antialbumid was next in t 28° C. for 
hours with an active solution of pepsin-hyd hlon : > per 
; 
cent HCl), the solubl products reme fitrat ) t 
dual antialbumid washed with watet nf 
reaction with the biuret test, nor with sil nitrate for | 
Wastin Vas fac Lil DUin OF 
removed, by carefully add to the antialbumid 1) ' , 
suthicient diiute solution of potassium hva 1 
quite neutral to t t paper, thus aidin t rel ! ! 
combined wphuric acid Finally it ’ t] d 
strong alcohol and lastly with ether When drv, 
. substance was repeatedly boiled with dist | ter to insure t 
complete removal of anv adherent solub!l It 
\nalysis of a sample of this product dried at 1 ( ntil of 
constant weight gave the following result 
I. 0.3397 gram s tan 0.209 n t I 
II. 0.3439 ‘ ( 14 n r< 
IT] 0.2259 im tan by the kK m N 
‘ tN 
\ 0.6210 gram substance i f t NaQll ind KN 
21 pel ent S 
VI 1.0297 grams substan ive O.0OO3] gram a t 
1 Pure NaOH prepared from metallic so m and f fr ! J 
] lam} 
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Comparison of the following figures shows the relationship in com 
position between the antialbumid and the mother substance from 


which it was derived. 


Most conspicuous is the marked loss of nitrogen and the corre- 
sponding rise in carbon; results which accord more or less closely 
with the earlier data obtained by Kuhne and Chittenden.* 
noticeable is the somewhat larger percentage of sulphur 
antialbumid. A large amount of this sulphur exists loosely com- 
bined in the antialbumid molecule, and the question at once arises 
whether this loosely combined sulphur can be driven off by con 
tinued hydrolysis with dilute sulphuric acid. This point was tested 
by taking a portion of the antialbumid prepared as above and heat 
ing it further with 3 per cent sulphuric acid. After exposure at 
100 C. in the sterilizer for 6 hours the acid fluid was found to yield 
a strong reaction for loosely combined sulphur, while the residue of 


antialbumid gave an equally marked reaction for loosely combined 


sulphur. The acid fluid was therefore filtered off, the antialbumid 
washed with water, and again heated for some hours with fresh 2 per 


cent sulphuric acid. This process was repeated until the aggregat 


period of heating had reat hed 28 hours, at the end of whi h time 


the last acid fluid was found free from loosely combined sulphur. 
The antialbumid remaining, however, still gave a striking reaction for 
sulphur with potassium hydroxide and plumbic acetate, thus showing 

1 CHITTENDEN and BOLTON: Studies in physiological chemistry, Yale Uni 


versity, 1887, li, p. 13 


2 KUHNE and CHITTENDEN: Zeitschrift fiir Biologie, 1883, xix. p- 176. 
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that the loosely combined phur cont { 
molecule cannot be rem entire t 
especially noteworthy is the continued {1 nt 
mid during this long prov of heatin th 1 t t 
the termination of the treatment the bstat 
ished in bulk; a fact which accord th Schut el 
observations that. tl ubstance, hen heated 
dilute acid, sl ly but vely « 1) t not 
able, howe - the fact that ch ] rtion of t nt 
resist this long continued action of the « t t 
widely different in composition from the « 
analysis of the product remaining after th hours’ heat t 
following result 
I. 0.1971 gram subst 0.124 H.O = 7 
II. 03016 gt CO 
2 LV y t IN I 
t N 
I\ 0.209 ra sul 0.02864 im N t N 
O.S5487 grat with NaQu Oy 
( 54.7 
N 
From these data it is evident that the antialbumid which |] re { 
this long continued treatment with dilut tbpodyur ned 
somewhat in its content of sulphur and still mo n its content 
of carbon Nitrogen, on the contrary, remain ntially tl 1 
This of an antialbumid, on hydrol te richer 
carbon usually at the expense of th 
teristic Thus, it was found by Kuhne and Chittenden * o1 
Hee antialbumid (from « Ubumin) to the action of an 
trypsin that the antialbumid) ren Vit 
SCHUTZENBERGER : Bulletin de la société chimique de 1875, x2 61. 
2 KUHNE and CHITTENDEN: / 
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gested contained 55.54 per cent of carbon when dry, while the ori- 
ginal antialbumid contained 53.79 per cent of carbon. Similarly, 
an antialbumid, prepared from serum-albumin, containing 54.51 ] 


ent of carbon and 14.31 per cent of nitrogen, on being subjected to 


1 of trypsin in an alkaline medium yielded an undigested 


containing 58.09 per cent of carbon and 12.61 per cent of 


ts clearly testify to the, innate tendency 


nitrogen, resu 
antialbumid under suitable conditions to undergo hydrolysis 
presumably also cleavage with formation of a more insoluble 
resistant body, of the antialbumid type, with a higher content 
carbon. 

With a view to the possible preparation of a melanin, 30 grams of 
pure dry antialbumid (the first sample analyzed) were placed in a 
flask with 300 c.c. of 10 per cent sulphuric acid, the flask connected 
with an inverted Liebig’s condenser, and the mixture boiled directly 
over a flame for 79 hours. When first heated, the acid was almost 
colorless, but as decomposition progressed the color changed first 
to purple and finally to jet black. arly in the course of the heat- 
ing a light film, shown later to be composed of fatty acids, was 


1 


he condenser, and the odor of volatile 


deposited on the sides of t 
fatty acids was very distinet.! As the boiling progressed, bright 
yellow crystals in rosettes were seen, both within the condenser and 
clinging to the neck and sides of the flask. These cry stals were 
eventually collected and tested. They burned with a blue flame, 
forming acid fumes; they were insoluble in water, alcohol, and ether, 
but rapidly soluble in carbon disulphide. From the latter fluid 
they recrystallized in the characteristic rhombic octahedra of native 
sulphur. 

At the conclusion of the 79 hours of heating, and after the acid 
fluid had cooled, the mixture was filtered through paper, leaving a 
residue of black amorphous matter, while the clear filtrate was quite 
black in color. Obviously, the fluid contained considerable black 
pigment in solution, but owing to the large admixture of leucin, 
tyrosin, and other substances present, attempts to isolate the pure 
pigment from the solution were not very successful. Attention was 
therefore directed to the insoluble pigment on the filter paper. This 
was washed with water until free from acid, and then with alcohol 
and ether, in all of which it was insoluble. As the pigment was 


found to be extremely soluble in weak alkalies, the precipitate was 


1 See R. COHN: Zeitschr. f. physiol. Chem , 1896, xxii, 
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In it quickly dissol 1, leaving a small 
(too small to identify) h was readily washed from. 
melanin-lik ubstan \lthough the \ n all 
fluid th the washin now amounted to ft t] 
was jet black in color and absolutely op ic t t nt t 
lization of this fluid with dilute acetic acid the melas 
cipitated in large dark flocks, leaving a « tral irent { 
The }) ment Wwa filtered oft, hed enti 1 ! 1 { th 
water, and thoroughly extracted with ind « 
it was dried to a constant weight at i905” ( When drv the 1 ira 
tion weighed 1.498 grams, equa, to practically 5 per cent of th 
original antialbumid. 
On analysis this substance we the following result 
I. 0.359 m subst 0.2249 6.94 tH 
(6) 54.7) t ¢ 
II. 0.2044 gram subst met 0.024 per 
t N 
II! 02273 m substa 0.02733 i N ent N 
IV. 0.3691 gram substance gave by fusion with NaOH and KNO, 0.206 m BaSO, 
7.70 per ent dd. 
6.04 12.00 12.00 6.04 
as before, except that the acid mixture was boiled for 110 
atty acids and free sulphur were detected as befor vhil 
} ] ++ 
eparation of a black pigment took pla lh itter Vv 
collected on two filters and the precipitat vashed a ilready 
described, after which the larger precipitate was dissolved in water 
containing a litthe ammonia, the clear filtered solution precipitated 
yy neutralization with 0.2 per cent hydrochloric acid, and the pre 
substa but the SRRNN)t off ash left in the platinum tray int deter 
tion of carbon made it quite clear that not more than a small fraction one per 
cent could be pr t 
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cipitate thoroughly washed with water, alcohol, and ether. When 
dry, it weighed 2.728 grams. The smaller portion of crude melanin 
was dissolved in 0.2 per cent solution of potassium hydroxide and 
the clear filtered solution precipitated with dilute hydrochloric acid 
etc. as just described. When dry, this preparation weighed 0.675 


he 10 pet 


gram. Ilence, the total yield of melanin insoluble in t 
cent sulphuric acid amounted to 3.403 grams, or 5.5 per cent of the 
original antialbumid. 

The melanin formed in this decomposition —the portion which 
had been purified by solution in dilute ammonia — gave on analysis 


the following results, after being dried at 105° C. 


I. 03140 gram substance gave 0.2130 gram H.O = 7.53 per cent H and 0.6631 gram 
CO, 57.60 per cent ¢ 
Il. 0.2012 gram substance gave 0.1300 gram H,© = 7.17 per cent If and 0.4267 gram 
co 57.55 per cent ¢ 
III. 0.2247 gram substance gave by the Kjeldahl method 0.02671 gram N 11.SS pet 
cent N 
IV. 0.2245 gram substance gave 0.02656 gram N 11.83 per cent N 
0.5479 gram substance gave by fusion with NaOH and KNOs 0.1749 gram BaSO, 


1.39 per cent S. 
VI. 04050 gram substance gave by fusion with NaOH and KN¢ », 0.1258 gram BaSO, 


+.27 per cent S 


Vil. 04616 gram substance gave 0.0025 gram ash = 0.54 per cent. 
Percen ” é 
II I\ \ VI 1 
79] 5 
II 4.2] 
11.94 11.90 
S +4] $.29 1.35 
() 


The smaller fraction of this same melanin which had been purified 


by solution in 0.2 per cent potassium hydroxide contained the fol- 
lowing percentages of nitrogen and sulphur: 

0.2046 gram substance gave by the Kjeldahl method 0.02379 gram N 11.63 per cent N. 
0.4070 gram substance gave by fusion with NaOH and KN, 0.1272 gram BaS¢ s $.29 


per cent 
These results seemingly show that the sulphur and nitrogen con- 


tent of the melanin is not materially affected by the character of the 


alkali used to dissolve it; 7. ea fixed alkali, when dilute, causes no 


marked withdrawal of sulphur or nitrogen. Natural pigment from 
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hair or epidermis when treated with 10 per cent solution of pot 
hydroxide, and then reprecipitated by acid is liable t 
nitrogen and sulphur,’ but whether this is due to a « 
pigment itself produced by the strong alkah, or whether d 
withdrawal of contaminating substances derived from the « 
pigmentary granules, is uncertain 

Let us compare Now the composition Of Our artifi 1 melanin } 
that of the antialbumid from which they were det d 

A 
70 

6.04 

N 13 12.00 

4.40 

The results seemingly justify the conclusion that t 
formed from antialbumid originate not by simp! 
a process of hydrolytic cleavage, the pigment holding the 1 tion of 
a cleavage residue, the exact composition of which d 


the extent or intensity of the cleavage procs lurther, it is « ent 


that this melanin-like residue, : the true p 


taminated by some substance o1 ubstance { 
the marked variation in composition, or clse that under 1 t 
swe have a class of related mo 
physical properties but unlike in « hemical composition ( 


our knowledge regarding the composition of the na 
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be divided into groups to be designated as ferro-melanins, sulpho 
melanins, etc. The melanins which we have prepared from anti 
albumid are practically free from iron, the ash containing only the 
merest trace of this element. Somewhat suggestive is the fact that 
in both of our experiments with antialbumid, in spite of the difference 
in the length of the hydrolytic process, the yield of melanin in both 
cases amounted to about 5 per cent. 

Formation of melanin from so-called hemipeptone. — | laving demon- 
strated the possibility of preparing a melanin-like substance by the 
hydrolysis of antialbumid, the question naturally arose whether 


bodies of the so-called hemi class will likewise yield a melanin by 


hydrolysis. To test this point, so-called hemipeptone formed by th 
hydrolysis of coagulated egg-albumin with 3 per cent sulphuric acid 
was employed. The peptone was prepared by using the acid fluid, 
resulting in the formation of antialbumid. The fluid was neutralized 


with ammonia, the filtered solution concentrated and the albumoses 
separated collectively by saturation of the fluid with ammonium sul- 
phate, after the method suggested by Kihne.’ After complete 
removal of the albumoses, the excess of ammonium sulphate was sepa- 
rated by alternate concentration and crystallization, after which the 
last portions of the salt were removed by treatment with barium car- 
bonate.- The filtrate, freed from all traces of barium by cautious 
addition of dilute sulphuric acid, was concentrated to a syrup and 
the peptone precipitated by alcohol. The product was _ purified 
somewhat by repeated boiling with alcohol and thorough extraction 
with ether. 

In the production of a melanin 90 grams of this hemipeptone 
were boiled for 98 hours with 2 litres of 10 per cent sulphuric acid. 
The fluid rapidly became black in color, and gradually there occurred 
a small separation of a black pigment. There was also noticeable, 
especially toward the end of the boiling, the odor of volatile fatty 
acids, and some slight crystallization of fatty acids upon the walls of 
the condenser could be detected likewise. There was however no 
evidence of the splitting off of free sulphur, so conspicuous with anti- 
Ubumid. At the expiration of the 98 hours, the fluid was cooled, 
and the melanin-like substance collected by filtration. The very 


dark filtrate on standing and concentrating continued to deposit 


1 KUHNE: Zeitschrift fiir Biologie, 1892, xxix, p. 1 
2 See CHITTENDEN, MENDEL, and HENDERSON: This journal, 1899, ii, 
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cent of carbon respectively obtained by us from antialbumid and 
hemipeptone, is very striking. 

Reactions of the melanins. — The pigments formed in the manner 
described above were practically insoluble in water, although, as 
stated, the sample obtained from hemipeptone was somewhat soluble 
when freshly precipitated. They were likewise insoluble in alcohol, 
ether, chloroform, etc., but readily soluble in exceedingly dilute alka- 
line fluids. They thus differ in some slight degree from the pigment 
isolated by Abel and Davis! from the negro’s skin. Further, these 
pigments seemingly retain their solubility in dilute alkalies in greater 
degree than the pigments described by Abel and Davis or the mela- 
noidic acid prepared by Schmiedeberg? from serum-albumin. 

When dry, the pigments were more or less jet black in color, and 
when dissolved in dilute alkali they yielded yellowish brown, brown, 
or black colored solutions according to the de gree of concentration. 
These solutions show no absorption bands when examined before 
the spectroscope, but absorb a certain amount of light at the violet 
end of the spectrum. Unlike the melanin obtainable from the 
negro’s skin,’ our pigments were soluble in elac ial acetic acid, but 
were not precipitable therefrom by potassium ferrocyanide. Alka- 
line solutions of these artificial melanins were completely bleached 
by chlorine. 

Heated on platinum foil, our products, like the pigments described 
by Abel and Davis, gave off at first fumes of pyrrol,— tested by a 
pine-sliver moistened with hydrochloric acid, — but these soon ceased, 
leaving a coal-black residue very difficult of combustion. 

Krom alkaline solutions, the pigments were precipitated by cupric 


sulphate, silver nitrate, plumbic acetate, and baryta water By 


strong nitric acid the pigments were dissolved, but precipitated again 


on addition of water. 

From these few reactions it is seen that our artificial melanins or 
melanoidins, to use Schmiedeberg’s term, differ only in minor degree 
from the melanins or pigments obtained by Abel and Davis from 
the skin and hair of the negro, or from the melanins studied by other 
observers. 

Comparison of the composition of the artificial melanins with that of 
natural melanins, ete.— Our own results bearing on the chemical 


1 AbeL and Davis: Journal of experimental medicine, 1896, i, p. 
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composition of the melanin-like pigments obtainable by decomposi 
tion of proteids emphasize the view that these substances are many 
in number, and that, while having many points in common, they 
differ widely from each other in composition, owing no doubt in 
part to variations in the extent or intensity of the hydrolytic cleavage 
by which they are produced. This we fancy is a far more potent 
factor than the character of the individual proteid from which they 
are derived. Thus, in our experiments with antialbumid, the first 
preparation of melanin resulting from 79 hours’ boiling of 
teid with sulphuric acid contained 54 per cent of carbon, while the 
second preparation resulting from 110 hours’ boiling contained 58 
per cent of carbon. Further, in the content of sulphur the differ- 
ences were still more striking. The table on page 303, showing the 
composition of melanins from various sources, affords evidence of 
the extent to which these black pigments may differ from cach other 
in chemical composition as well as indicating the extent to which the 
artificial melanins resemble the natural pigments. 

These figures, which are fairly typical of the composition of the 
various melanins hitherto studied, show quite clearly how widely these 
bodies may vary in composition; yet throughout the entire list, as 
well as in many other preparations not tabulated, there is to be found 
almost invariably a relatively high content of carbon and a low con- 
tent of nitrogen. Further, in all but the choroidal pigment, sulphur 
is very conspicuous. ‘These facts, coupled with the inappreciabl 
amounts of iron usually found, strengthen belief in the theory that 
these pigments, whether formed normally or as a result of pathologi- 
cal conditions, have their origin not in the hamatin molecule but in 
proteid matter. Further, we see in the experiments of Schmiede- 
berg, as well as in our own results, evidence that serum-albumin, 
proteoses, antialbumid, and hemipeptone may all yield melanin-like 
substances by simple hydrolytic cleavage: pigments which in com- 
position and reaction differ from the natural pigments no more 
widely than the latter differ from each other. No two melanins are 
exactly alike in composition, and the artificial bodies, certainly, are 
exceedingly prone to vary in composition with variations in the 
method of preparation; especially, variations in the extent and inten- 
sity of the hydrolytic cleavage. In the hydrolytic cleavage induced 
by boiling acids proteid substances tend to lose nitrogen, partially as 


ammonia and partially in the form of amido-acids and nitrogenous 


bases, while the artificial melanins simultaneously formed appear to 
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A NOTE ON THE CHOLESTERIN-ESTERS OF BIRDS’ 
BLOOD. 


By ERNEST W. BROWN, Pu. B. 


the Shefficld Laboratory of Physiological Chemistry, Yale University 


HI interesting investigations of Hirthle! have demonstrated 

that cholesterin occurs normally in combination with fatty 

acids in the blood-serum of mammals. It has been pointed out that 
the failure to recognize these cholesterin-esters has been due to the 
methods employed in the search for cholesterin. Thus the custom- 
ary procedure has been to saponify ether extracts of animal tissues 
and fluids with alcoholic potash for the purpose of transforming any 
fats present into soaps and in this way permitting a more successful 
subsequent separation of cholesterin by means of ether. The 
method obviously precludes the possibility of obtaining cholesterin- 
esters as such. By avoiding the saponification, however, Hurthle 
has succeeded in demonstrating the presence of cholesteryl oleate in 
the blood-serum of the dog, sheep, pig, ox, and horse, and in the 
lymph obtained from the thoracic duct of the dog. Cholesteryl 


palmitate was also obtained, although in much smaller quantities ; 


while cholesteryl stearate could not be isolated. The quantities of 


the cholesterin-esters present in the blood were approximately deter- 
mined as follows: 


Cholesteryl oleate Cholesteryl palmitate 
HIorse . . 0.08 per cent 0.006 per cent 
Calf . 0.09 “ 0.008 
Dog « » O12-0.22 


The percentage of cholesteryl oleate was observed to vary in the dog 
with the condition of the animal, being increased during hunger.’ 

In his contributions to the chemistry of the blood, Hoppe-Seyler 
has recorded analyses of the blood of the goose which indicate that 
cholesterin is present in the serum of this species in quantities ap- 
proaching those of the ox. 


' HURTHLE: Zeitschrift f. physiol. Chemie, 1896, xxi, p. 331 

* Cf. Hoppe-SEYLER: Medicinisch-chemische Untersuchungen, 1866, p. 143 

* Cf. HOPPE-SEYLER : @o¢. cit.. p. 145; SCHULZ, Fr. N.: Arch. f. d. ges. 
Physiol., 1896, Ixv,. p- 299. 
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The approximate yield of cholesteryl oleate did not vary greatly. 


I. 500 cu rum yielded 0.24 gram 0.05 per cent 
II 610 O19 ‘ 0.03 
III. 1660 “ 0.78 « 0.05 
2200 1.05 : 0.05 


From over four litres of serum about 0.2 gram substance was 


obtained, having a melting point (after recrystallization) of 77-78 C 
ind thus corresponding with the cholesteryl palmitate. The crystal 
inc form also confirmed this deduction, 
Turkey serum. In one instance a relatively large yield of choles- 
teryl oleate was obtained from turkey serum. ‘Thus: 
I. 600 10.37 gra 0.06 per cent 
II. 1000 cx 1.43 U.14 


The preparations melted at 43-44’ C. and one of them (11) showed 


the following composition on analysis : 


A preparation corresponding in crystalline form and solubilities with 


cholesteryl palmitate melted (after recrystallization ) at 77-78" 


Goose serum. — Irom 220 c.c. of this serum about 150 mer. (O 
per cent) of characteristic rosettes of needles were obtained; they 
melted after recrystallization at 43-44 C., thus corresponding to 
cholesteryl oleate 

Duck serum. — Considerable difficulty was experienced in obtain 
ing characteristic cholesteryl oleate preparations from duck serum. 
The products showed admixture of apparently amorphous material, 
and melted at about 60° C. From one half litre serum, however, 
about 0.4 gram (0.08 per cent) of crystals was obtained. After re- 
crystallization, the crystals melted at 42-44° C. By extracting the 
serum residue with alcohol-ether, one half gram of a crystalline pro- 
duct was obtained. The preparation, when purified, melted at 76 “C., 
giving evidence of the probable presence of a considerable quantity 
of cholesteryl palmitate (melting, when pure, at 77° C.). 

The blood-corpuscles. — That cholesterin may occur in an uncom- 
bined state in the blood-corpuscles seems probable from the recent 


analyses of Abderhalden,! who found noticeable quantities of choles- 


! ABDERHALDEN: Zeitschrift f. physiol. Chemie, 1897, xxiii, p. 522; /zd., 


1898, xxv, p. Tos 
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